Ageing is associated with a decline in health and an increase in age-related disease. However, the rate of biological ageing is not consistent between individuals and is not completely determined by genes. The rate of ageing and health decline is influenced by the environment and can be manipulated experimentally (e.g. by regulating metabolism). This highlights the potential for appropriate nutrition in order to maintain metabolic health as we age. Such interventions could consequently increase health-span and quality of life of an ageing population. However, public health advice about nutrition, such as consumption of two portions of fish each week (one of which should be oily) and eating at least five portions of fruit and vegetables daily, is focused on the population as a whole. It may not address an older individual's specific nutrient requirements to maintain health during ageing. The InCluSilver project, supported by the European Union Horizon 2020 programme, seeks to address this challenge through personalised nutrition for older adults. Personalised dietary recommendations should be fine-tuned to an individual's age, health, phenotype/genotype, activity, preferences and/or motivations, and framed by evidence from clinical trials. However, currently the dietary evidence base in older adults is small. Long-term studies that investigate dietary modifications in older individuals who are malnourished or over-nourished are needed to inform potential strategies. A wider food perspective will be necessary for successful implementation of personalised nutrition to support healthy ageing. This may include technologies that enable users to monitor their nutritional and health status for the purpose of motivating dietary adherence.
Introduction
There is wide variation in the perception of 'old' between different countries and cultures. A survey of 15+ year-olds suggested that 59 years of age is perceived to be old in the UK but in Greece, people are only considered old when they reach 68 years of age (Foresight Report 2016) . Nevertheless, biological ageing is a lifetime phenomenon. In some biological systems, such as the immune system, age-related changes in immune cells can accumulate in the thymus to such an extent that the ability to respond to new immune challenges is impaired when a person reaches midlife (Aspinall & Andrew 2000) . In other organs, such as muscle, changes to muscle fibre composition with age mean that, irrespective of the amount of training, the capacity to build muscle declines (Frischknecht 1998) . There is a decline in endocrine hormones with menopause in women occurring at around 50 years of age (Veldhuis 2013) , and this contributes to ageing. Midlife represents a significant transition point in biological ageing for humans.
The improvement in public health over the last century combined with advances in medicines for the management of chronic disease has contributed to elevated global population ageing (WHO 2011) . In the UK, the average age has increased from 34 years in the 1970s to over 40 years within four decades. For the first time, in 2014 there were more people in retirement than under the age of 16 years and by 2040, 30% of the population will be over 70 years old. As the years of life have increased, the number of years in good health has not increased at the same rate (Office for National Statistics 2017). This presents both economic and workforce challenges and while spending on pensions, health and social care increases, there will be a smaller proportion in the population of working age people to meet the care needs.
Biological ageing, health and nutrition
Demographic data present a useful overview of population age and health, but they in fact masks a significant degree of variability in the health of people at any given age. An individual's chronological age does not always relate with biological age (Burkle et al. 2015) . For example, observational studies in twins have highlighted that the rate of biological ageing is not solely determined by genes (Doshi et al. 2007) . Lifestyle factors, such as excessive exposure to sunlight (UVB), stress and smoking, have been identified from many studies as environmental influencers that accelerate biological ageing (Gems & Partridge 2008) . Socioeconomic indicators of poverty and shorter time in education correlate with biological age (Crimmins et al. 2009) , and the inheritance of longevity 'genes' explains less than 50% of good health in older age (Yashin et al. 1999) . Interestingly, many of the genes that mediate ageing in model systems encode the insulin signalling pathway, again pointing towards the importance of metabolism in biological ageing (Bettedi & Foukas 2017) .
The rate of biological ageing is not programmed and, importantly, some lifestyle interventions can reduce the rate of health decline with age (Mathers 2015) . Exercise and diet interventions provide the strongest evidence for ways to improve the rate of biological ageing, with increased longevity seen as a consequence of caloric restriction (Anton & Leeuwenburgh 2013) . In rhesus monkeys, caloric restriction led to improved muscle tone and immune function and also delayed the onset of age-related disorders (Colman et al. 2014) . Taken together, there is substantial evidence in support of a role of the diet in the prevention of chronic diseases and mortality (Kiefte-de Jong et al. 2014) and in improving the quality of life with ageing (Jankovic et al. 2014) .
Personalising nutrition for older adults
One strategy to support the health of the globally ageing population is to tackle biological ageing by improved nutrition. Public health advice on nutrition generally aims to address the need to improve the health of the widest population. Dietary recommendations for adults within the UK have been applied irrespective of age (Mathers 2015) . Overall, there is a recommended reduction in calorie intake after the age of 50 years, but otherwise the reference intakes for vitamins in general do not change with one or two exceptions. For niacin, there is a minor reduction in requirements between young and older adults over the age of 50 years and the requirement for iron intake in post-menopausal women is reduced (Department of Health 1991) .
However, levels of physical activity and health status are more diverse in the older adult population than any other age group. In addition, the older a person is, the more likely they are to suffer with long-term conditions such as dementia, type 2 diabetes and arthritis (Barnett et al. 2012) . Sixty-five per cent of the population over 65 years of age in the UK has more than one chronic condition, and the prevalence of multi-morbidity rises in those living in socioeconomically deprived areas (Barnett et al. 2012) . Recommendations for diets that are of a more personalised nature, which capitalise on individual differences and are fine-tuned to an individual's health, activity, preferences and motivations, would be anticipated to offer better health outcomes with age.
Nutrigenomics
The promise of a nutrigenomic strategy to recover health and prevent diet-related disease has been around for over a century (Mathers 2017) . Such a precision-based approach to nutrition, depending on an individual's age, lifestyle activities, genotype, epigenome and microbiome, has been slow to develop. The initial concept of nutrigenomics recognised that progress would depend on algorithms in a new field of nutritional systems biology to decipher the complexity of genotypes and polygenic causes of diseases, such as metabolic disease (de Toro-Martin et al. 2017) . Nevertheless, precision nutrition intervention studies have begun, using a simpler approach. The studies have targeted specific and limited genotypes for recruitment and then examined the individual's adherence to dietary modifications (Fallaize et al. 2016) . Early indications show that individuals are more motivated to make health improvements when advice is tailored to meet health needs, but there was no added motivation through knowledge of genotype and phenotype (O'Donovan et al. 2017 ). To date, such studies have not focused on older adults in the community or in care environments.
It has been established that both maternal and paternal diet can imprint epigenetic changes that predispose to metabolic and degenerative diseases in later life (Dunford & Sangster 2017) . There are early indications that some epigenetic changes may be modifiable by diet. For this field to develop further, big data-sets will be needed to inform algorithms and diets that should be used to address phenotypic variations in health (de Roos & Brennan 2017) . In parallel with appropriate point of care technologies to examine nutritional and/or health status, this would be expected to facilitate precision scale nutrient interventions to improve the health of individuals with and without polygenic disease.
Nutriphenomics for older adults
Long-term conditions that increase in prevalence with age can have profound effects on dietary needs. An individual's mobility will impact on energy needs and poor mobility may contribute to the increased prevalence of obesity in people aged over 50 years. Body fat deposition is an obvious and simple phenotypic measure that has profound implications for a person's long-term health and requires a simple-to-administer test. Body fat composition data will highlight increased risk for metabolic disease on one hand as well as increased risk for frailty on the other. While advances in nutrition science have largely eradicated nutrient deficiency diseases in the western population, there are growing challenges of obesity with its comorbidities and of ageing.
Personalising dietary energy intake advice to individuals based on their current nutritional state is one of the simplest nutriphenomic interventions available and is already widely applied during obesity management. However, the greatest risk to health from increased body fat deposition is defined by location of fat storage around the visceral organs (Direk et al. 2013) . With advances in simple bio-impedance measurement devices to determine body fat and hand-held technologies that report on physical activity, the opportunity for improved personalisation to manage visceral fat deposition is at hand.
Nevertheless, undernutrition is a significant issue for older adults, particularly those in ill health. In one study of patients admitted to UK geriatric wards, 44% were at risk of undernutrition and a further 6% were undernourished (Imaoka et al. 2016) . Added to this, nutritional status often declines significantly when an older adult stays in hospital (Avelino-Silva & Jaluul 2017) . This is associated with poor outcomes (Rasheed & Woods 2013) .
To address undernutrition, sip feeds are frequently used in the healthcare environment. However, compliance among older adults with sip feeds tends to be poor, sometimes because of delirium and dementia but also because the sip feeds do not match their traditional expectations of food. An alternative approach to sip feeds is to enrich diets. Mills et al. undertook a systematic review of energy-and protein-dense meals and snacks provided to hospitalised older people (Mills et al. 2018) . They showed that compared with usual nutritional care, energy-and protein-dense meals did improve dietary intake by older patients. Very few nutrition-based epidemiological or clinical trials with nutritional interventions have focused on the population over 80 years of age and on those living in care homes (the available evidence is reviewed in 'Search Strategy' section), despite this group being at greater risk for developing frailty syndromes.
The move to social care is frequently precipitated by frailty syndromes or specific diseases, such as dementia and associated comorbidities, which, in turn, can have an impact on motivation to eat and physical activity levels (Barnett et al. 2012) . Physiological, pathological and social differences in metabolic demand, the utilisation of energy by muscle and the presence of multi-morbidities between active and sedentary older adults highlight the opportunity to personalise dietary recommendations within an older adult group (Fig. 1) .
It is likely that improved nutrition could sustain health and reduce risk of decline from some chronic conditions in older adults who are otherwise well (e.g. in people with osteoporosis). Also, it may support an improvement in quality of life for older people in illhealth (e.g. for reducing risk of frailty) (Granic et al. 2018) . The UK dietary recommendation for intake of one portion of oily fish intake per week, high in omega-3 fatty acids -precursors of anti-inflammatory resolvins -is pertinent to delaying frailty, which is considered to have a significant inflammatory component (Veldhuis 2013) . However, there are no older age-specific guidelines in the UK for omega-3 fatty acid intake. Key questions to address for personalising nutrition in a diverse population of older adults are considered below.
Within the apparently healthy older adult population, who would benefit from a given nutrient/diet? Some individuals may benefit from a dietary intervention but others may not, either because their diets are replete or, particularly with an older person, because their ability to absorb essential nutrients is impaired. The latter may be the consequence of epigenetic change with age and can be confounded by medications. With the advancement in use of stable isotopes, there is likely to be a significant growth in knowledge on age-absorption parameters over the next few years (Owino et al. 2017) .
The effects of nutrients on health exhibit a typical pharmacological bell-shaped curve with health risks being a consequence of over-or under-consumption.
With an increasing focus on the opportunity for dietary approaches to maintain health in older adults, within a personalised and precision nutrition framework, simple tools will be needed to provide information on nutritional status rather than just intake (Lara et al. 2013) . Future opportunities to link such information to public health records and appropriate recommendations by health professionals could be used to support a healthier diet.
How should social context and behavioural motivation be capitalised on for maintaining a healthy diet?
Food choices change with age and are influenced by many factors including changing taste, budget as well as lifestyle. Superimposed on food choice factors and the need for smaller size packages to prepare meals for one or two people, an individual's social context has a significant impact on his/her dietary intake and motivation to eat a nutritionally balanced meal (McGowan et al. 2016) . Mental health and mood are also widely recognised to affect appetite and motivation to eat. Future opportunities exist for dietitians to work with health Dietary innovations for healthy ageing psychologists to support age-appropriate nutrient intake.
When during the day should foods be consumed?
The emerging field of chrono-nutrition has highlighted the importance of time of day of nutrient intake in maintaining positive health outcomes from diet (Bravo et al. 2013) . There is a link between changes in melatonin and metabolism that associate with muscle strength, vascular health and bone mineral density (Amstrup et al. 2015) . Calories may be used more effectively when taken in the morning and more likely to be stored as fat if taken in the evening (McHill et al. 2017) . Conversely, a recent study reported that evening protein consumption was associated with greater muscle mass and strength when compared to afternoon protein consumption (Buckner et al. 2018) . However, the circadian rhythm is acutely sensitive to steroid hormones, such as androgens and cortisol, both of which decline during ageing. Together, these data suggest that chrono-nutrition in the older adult population merits investigation to understand dietary timing for health outcomes with age.
What do we already know about low nutrient intakes from older adult diets?
A review commissioned by the World Health Organization has brought together evidence from European dietary intake surveys administered in 21 countries (Rippin et al. 2017) . It highlighted an overconsumption of fat, particularly saturated fat, across countries and age groups, with lower intake of carbohydrate, particularly fibre, compared to recommendations. This study highlighted that in all age groups and countries, protein intake was above the minimal recommended intake. However, protein intake requirements for older adults may be underestimated (Millward 2004) . Furthermore, in the UK, for a number of older adult subgroups, particularly overweight women, intake of protein is lower than recommended and those who are unwell have a higher protein requirement. More attention to protein intake in older age is warranted.
Of the micronutrients examined by Rippin et al., evidence of low intakes of potassium, folate, vitamin D and calcium was found in all age groups (Rippin et al. 2017) . A comprehensive review of vitamin D intake in older adults was included in the UK Scientific Advisory Committee on Nutrition (SACN) report on vitamin D and health (SACN 2016) . The study concluded that vitamin D intake from the diet alone provides only 50% of the recommended intake for vitamin D. Indeed, older women compared to the rest of the population were more likely to have lower vitamin D intake (Macdonald et al. 2011) . Vitamin D supplementation is recommended for the UK population, including older adults (SACN 2016) .
What is the evidence that dietary supplementation offers any specific benefits to older adults?
For the purposes of the INCluSilver project, we undertook a systematic review to understand the existing data from clinical trials on the benefit for older adults of specific nutrient supplementation. The review aimed to provide an evidence base on the nutrients that INCluSilver small-to-medium enterprises (SMEs) may choose to enrich during food or diet development, in order to meet the goal of maintaining older adult health through personalised nutrition which also requires an understanding of an indiviudal's micronutrient status.
This highlights a challenge in existing clinical trials -that many are undertaken in people with adequate nutrient intake, whereas benefit might be expected only in older people whose diets deliver less the recommended intake. Therefore the review was limited to those systematic analyses of trials of nutrients that are often lacking in the diets of older adults (Rippin et al. 2017) . As the INCluSilver project aims to promote strategies that maintain health rather than treat disease, we chose to investigate nutrient effects on physiological endpoints that are known to decline with age, such as muscle tone and bone health.
We interrogated bibliographic databases of randomised, controlled trials investigating the effect of nutrient supplementation on health outcomes in older adults. In undertaking the review, we considered nutritional evidence from studies that recruited people over the age of 65 years. The literature review was conducted in July and August 2017. All data were reviewed by two people independently.
Search strategy
The search was conducted by combination (using Boolean operators) of the search terms in Table 1 . The following databases were searched: PubMed, Cochrane Library, Web of Knowledge, ControlledTrials website and Science Direct. The exclusion criteria were as follows: population age <65 years, animal studies, and studies of individuals with disease only and not of healthy controls. Supplementation studies that included single nutrients or combined nutrients from Table 1 were included. The threshold limits set for the critical appraisal were that studies should be randomised controlled trials, with a control group and blinding. In addition, both comparator groups must have been subjected to identical treatment analysis.
Data extraction
We extracted data from the studies' measures of physiological function at baseline and at the end of the nutritional intervention for both the control and treatment groups. The methodological quality of studies was assessed to eliminate bias by dropout rate and compliance where possible.
Macronutrient intervention studies; effects on older adult health Fibre Forty-two studies were retrieved of which one study met the inclusion criteria; this investigated the effects of 7-8 g/day fibre supplementation on bodyweight in 30 geriatric patients. Blinding was not described in this single-site, parallel-arm study. Subjects consumed foods with added oat bran daily for 12 weeks or were assigned to a placebo group. Oat bran fibre treatment improved bowel function and, in contrast to the placebo group, mean bodyweights were maintained following the fibre intervention (Sturtzel et al. 2009 ).
Protein Eighty-four studies were initially recovered of which four studies on dietary protein enrichment met the criteria; outcomes of these studies include muscle loss/gain, skeletal muscle hypertrophy, physical performance and frailty. In one study that recruited only men, 26 healthy elderly men were assigned randomly to exercise with or without timed supplementation with 20 g protein immediately before and after exercise over 12 weeks. Protein supplementation did not further augment the increase in skeletal muscle mass and strength after prolonged resistance-type exercise training in these participants who habitually consumed adequate amounts of dietary protein (the recommended daily intake for older adults is 1.2 g/kg bodyweight/day) (Verdijk et al. 2009 ). However, in another study of a larger group (n = 65) of frail elderly men and women, dietary protein supplementation (15 g protein at breakfast and lunch) over 24 weeks improved physical performance compared to placebo without increasing skeletal muscle mass (Tieland et al. 2012a ). Furthermore, a parallel two-arm study of progressive resistance-type exercise training programme (for 24 weeks) in 62 elderly subjects found that additional protein intake (15 g/day) was required to allow muscle mass gain during exercise training in the frail elderly (Tieland et al. 2012b) . Supplementation at this level increased the average protein intake from 1 g/kg bodyweight/day to 1.31 g/kg bodyweight/day. Finally, a multicentre, randomised, controlled, double-blind, two parallel-group 13-week intervention trial among 380 older men and women with sarcopenia, in which the intervention group consumed a vitamin D (800 IU) and leucine-enriched (3 g) whey protein (20 g) nutritional supplement twice daily for 13 weeks and the control group an energy-matched control product, found that muscle mass and function were improved by the intervention (Bauer et al. 2015) . In this study, the median intake of protein intake prior to supplementation was 1 g/kg bodyweight/day.
In summary, only the smallest study with healthy older men showed no benefit of protein intake on muscle size or strength, but the three larger studies showed positive outcomes of protein supplementation on functional muscle strength or muscle mass gain in frail older adults. Lower intake of protein and frailty appear the strongest indicators for benefit from dietary protein supplementation, and further investigation of the impact of social context and gender is merited. This field of investigation is expanding and at the time of this review, a number of clinical trials were underway and due to report in 2018.
Micronutrient intervention studies; effects on older adult health outcomes
Potassium Fifteen studies on potassium supplementation in older people were identified through initial searches and three of these met review inclusion criteria. The outcome measures studied were bone metabolism and Dietary innovations for healthy ageing calcium balance. A parallel-arm, double-blind, placebocontrolled 2-year study, with 18.5 or 55 mEq/day potassium citrate supplementation in a group of 276 post-menopausal women entering the study and 227 completing, did not find evidence that potassium citrate reduced bone turnover or increased bone mineral density (Macdonald et al. 2008) . In a dose escalation study, 52 older people were recruited and counselled by the study dietitian to achieve a dietary intake of 600 mg/day of calcium and were randomly assigned to the study treatment (potassium citrate 90 mmol/day, potassium citrate 60 mmol/day or placebo) for 6 months. At baseline, 25-hydroxyvitamin D concentrations werẽ 80 nmol/l on average. Results indicated that potassium citrate had a positive effect on calcium balance by reducing urine calcium and a neutral effect on gastrointestinal absorption of calcium. The authors concluded potassium citrate has the potential to improve bone resorption (although they noted that the study was not powered to measure this) and therefore skeletal health (Moseley et al. 2013 ). The final included study was a double-blind, placebo-controlled, parallel-group trial undertaken in 2015. Subjects with baseline calcium intake of~980 mg/day were randomised to 84 days of treatment with placebo, or 1.0 or 1.5 mmol/kg per day of potassium bicarbonate. Urinary calcium excretion was reduced by 169% in those on the lower dose of potassium bicarbonate and by 213% in those receiving the higher dose (Dawson-Hughes et al. 2009). To date, the effects of potassium supplementation on health outcomes for older adults are mixed and merit further study. Future larger studies should usefully focus on individuals with low intakes of potassium.
Calcium Forty-five studies were retrieved on calcium supplementation in older people; of these, only two considered calcium supplementation alone and met the study criteria. The intervention outcomes were concerned with bone loss and fractures. In the first randomised, placebo-controlled study, 930 participants (men and women aged 65+ years) with mean dietary calcium intake of~890 mg/day were randomised to receive 1200 mg/day supplemental calcium for 4 years or placebo (Bischoff-Ferrari et al. 2008) . Calcium supplementation was found to reduce the risk of all fractures and of minimal trauma fractures. In the second study, 450 perimenopausal women (up to the age of 75 years) were randomly assigned to receive 500 mg or 250 mg of calcium (as calcium carbonate), or placebo daily (mean baseline calcium intake of 493 mg/day) (Nakamura et al. 2012) . The higher dose was effective at reducing bone loss in the premenopausal women who had low baseline intake of calcium. Calcium supplementation may be of benefit for bone health in older adults.
Vitamin D Fifty studies in relation to vitamin D were retrieved from the search, of which five vitamin Donly supplementation studies in older adults met the criteria (see Table 2 for study design details). The relevant intervention outcomes were falls and fractures. Two studies (one of which also included exercise) suggested vitamin D supplementation was effective at reducing incidence of falls (Flicker et al. 2005; Imaoka et al. 2016) , including in a group that was not considered vitamin D deficient (Imaoka et al. 2016) . However, another study showed that vitamin D supplementation had no effect on incidence of falls (Latham et al. 2003) . Two studies explored vitamin D intake and the incidence of fractures; neither showed any positive improvements (Meyer et al. 2002; Law et al. 2006) . However, in the study by Meyer et al. (2002) , a significant proportion of participants was already supplemented with vitamin D prior to the start of the trial, and the subjects in the Law et al. Calcium and vitamin D Thirty studies of combined calcium and vitamin D supplementation in older adults were retrieved from the search. The designs of the ten studies meeting the inclusion criteria are summarised in Table 3 . One study found that combined supplementation improved periodontal health and reduced tooth loss (Krall et al. 2001) . In another study, beneficial effects of combined calcium and vitamin D supplementation were observed in people with moderate bone density loss on bone mineral density and fracture incidence (Dawson-Hughes et al. 1997) . However, there was no beneficial effect of calcium and vitamin D intake on fracture incidence in three other studies (Porthouse et al. 2005; RECORD Trial Group 2005; Salovaara et al. 2010 ). Three of the five studies investigating effects of vitamin D and calcium supplementation on muscle strength and falls in healthy older people showed no benefit (Kenny et al. 2003; Burleigh et al. 2007; Janssen et al. 2010) . Two of these three studies included people Dietary innovations for healthy ageing with low vitamin D status, and in one of these studies, plasma vitamin D concentrations were not improved by supplementation. One study reported combined calcium and vitamin D supplementation improved muscle strength, and this was associated with 80% increase in plasma 25-hydroxyvitamin D concentrations (MoreiraPfrimer et al. 2009). Another study also found combined supplementation increased muscle strength and in addition reduced falls (Pfeifer et al. 2009 ). Overall, there is evidence that combined calcium and vitamin D supplementation improves dental and bone health in older adults but does not reduce fractures. There is limited evidence to support the use of combined calcium and vitamin D supplements in older adults to increase muscle strength and reduce falls.
Review conclusions This limited review, conducted for the purposes of the INCluSilver project, has highlighted that supplementation studies in older adults show wide diversity in study design, including the form of nutrient intake and amount or dose consumed, the study duration, and characteristics of the subjects studied (including age). Nevertheless, larger dietary supplement studies in older adults addressing clinical endpoints are underway and are listed at ClinicalTrials.gov. The outcomes of such studies will be important contributors to advancing personalised nutrition for older adults.
Healthy diet interventions
The search strategy that we adopted was designed to investigate specific dietary supplement effects on specific health outcomes in people over 65 years of age. Some previous studies have considered the effect of a diet enrichment approach in older adults (e.g. Choudhury et al. 2014) rather than single supplements. The most significant of these studies in scale and outcomes to date is the Prevenci on con Dieta Mediterr anea (PREDIMED) study (Estruch et al. 2018) . This study found that in a healthy older adult population, a Mediterranean diet supplemented with olive oil or nuts was associated with improved cognitive function, immune function and bone health (Valls-Pedret et al. 2015; Casas et al. 2016; Savanelli et al. 2017) . These positive outcomes from a Mediterranean diet support wider investment in nutritional strategies and dietary change to improve health in older adults. In attempting to identify dietary factors within the Mediterranean diet that have contributed to health benefits, fatty acid intake, particularly omega-3 fatty acids, shows the strongest association (Sala-Vila et al. 2016) .
With the exception of supplementing older adults with vitamin D, which is recommended by the UK government, maintaining a balanced nutrient intake through diet should be the primary aim when supporting older adult nutrition. However, there is evidence that the diets of some older adults may benefit from Dietary innovations for healthy ageing additional supplementation and that a personalised nutrition strategy may aid compliance. Recognising the opportunities for innovations in many sectors to support healthy nutrition for older adults ranging from education, monitoring and packaging to digital motivation solutions, the INCluSilver project was developed.
Personalised nutrition for older adults: The InCluSilver project
In March 2017, the InCluSilver Innovation Support project was established after a successful funding award from the European Union (www.inclusilver.eu/about-inclusilve r/). Bringing together nine partners across Europe over 3 years, it aims to help create products, services and systems that improve the health and quality of life for older adults through innovation in personalised nutrition. The INCluSilver project aims to support innovations by SMEs built on excellent science. Competitive bids are reviewed by a panel of experts with funding awarded to the most innovative. SMEs are encouraged to work with users of the innovative products, services and healthcare systems both nationally and internationally. In line with current understanding of personalised nutrition, these innovations may include wearable devices to monitor health, lifestyle and energy needs, self-diagnostic devices that report on nutritional requirements and technology that includes motivational tools and encourages people to adhere with any given nutritional programme. The existing gaps and challenges that the INCluSilver project seeks to address are summarised below.
• Use knowledge of 'silver' consumer behaviour to support the uptake of personalised nutrition by older adults.
• Develop services and systems that define individual nutritional needs based on lifestyle, genotype, activity and health status.
• Design and implement systems that enable monitoring of nutritional health status in older adults.
• Develop new foods that meet the nutritional, taste and mastication requirements for healthy older adults in health and those with chronic conditions associated with older age.
• Develop meal packaging and preparation approaches that can be physically managed by older adults.
• The adaptation and development of personal monitoring devices for reporting on the effect of meals on health indices.
• Design and implementation of mobile 'apps' that offer coaching on diet, based on user-friendly but highly detailed data.
The opportunity to improve public health through nutrition, particularly within the ageing demographic, is multifaceted. The success of the INCluSilver project will be measured by its capacity to bring together interdisciplinary research innovations and advance this emerging field. Over the following 3 years, the success of this project will be measured in terms of adoption of innovations that improve health and well-being for older adults.
The emerging evidence for the importance of metabolism on healthy ageing lends credence to the need for investment in understanding how personalising a nutritional approach to an individual's requirements can improve health. There are already a number of studies in older adults that show sustained health benefits from nutrient supplementation and adherence to a Mediterranean diet, but further investment in welldesigned intervention studies for older adults is needed to support innovation in this area.
